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(57)Abstract: 

PROBLEM TO BE SOLVED: To detect with accuracy water choking irrespective 
of a change in power generation characteristics due to lapse of time or an 
operation state. 

SOLUTION: An operation state detecting means 101 detects at least pressure of 
fuel gas and oxidant gas at entrance or exit of a fuel cell, and a cell voltage 
detecting means 102 detects actual voltage of a unit cell or a cell group 
consisting of a plurality of unit cells. A standard voltage calculation means 103 
calculates a standard voltage of the cell group based on the outputs from the 
operation state detecting means 101 and the cell voltage detecting means 102, 
and a water choking state judgment means 104 judges on a water choking state 
based on outputs from the cell voltage detection means 102 and the standard 
voltage calculating means 103, while a purge control means 105 makes a purge 
control based on outputs of judgment results of the water choking state judgment 
means 104. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the control unit of the fuel cell equipped with the eel stack which 
carried out the laminating of two or more eels An operational status detection 
means to detect the pressure of the fuel gas in the inlet port or outlet of said eel 
stack, and oxidant gas at least, A reference voltage operation means to calculate 
the reference voltage based on the theoretical electrical-potential-difference 
value of a eel group which consists of a single eel or two or more single eels 
based on the output of this operational status detection means, A eel 
electrical-potential-difference detection means to detect the actual voltage of the 
eel group of a fuel cell, and a **** ball condition judging means to judge the **** 
ball condition of a eel based on the output of this eel 
electrical-potential-differenee detection means, and the output of said reference 
voltage operation means, The control unit of the fuel cell characterized by having 
the purge control means which performs water purge control for discharging the 
water which collected on the eel based on the judgment result of this **** ball 
condition judging means. 

[Claim 2] Said **** ball condition judging means is the control unit of the fuel cell 
according to claim 1 characterized by calculating the parameter showing the 



magnitude of the change from the theoretical value of a eel electrical potential 
difference, and judging a **** ball condition with the magnitude of this parameter 
from the theoretical electrical-potential-difference value of the eel group 
calculated with said reference voltage operation means, and the 
electrical-potential-difference value of the eel group detected with the eel 
electrical-potential-difference detection means. 

[Claim 3] Said reference voltage operation means is the control unit of the fuel 
cell according to claim 1 or 2 characterized by amending and calculating a 
theoretical electrical-potential-difference value with the study value based on the 
eel electrical-potential-difference detection value of the predetermined period 
immediately after performing water purge control in case the reference voltage 
level of a eel group is calculated. 

[Claim 4] Said **** ball condition judging means is the control unit of a fuel cell 
given in any 1 term of claim 1 to which temperature is characterized by having a 
temperature detection means to detect the temperature distribution of a eel 
group, and judging a **** ball based on the eel electrical-potential-difference 
detection value of a eel lower than a predetermined value thru/or claim 3. 
[Claim 5] Said **** ball condition judging means is the control unit of a fuel cell 
given in any 1 term of claim 2 to which temperature is characterized by having a 
temperature detection means to detect the temperature distribution of a eel 



group, applying bigger weight to the operation value of said parameter based on 
the eel electrical-potential-difference detection value of a low eel, and judging a 
**** ball thru/or claim 4. 

[Claim 6] Said **** ball condition judging means is the control unit of a fuel cell 
given in any 1 term of claim 1 characterized by judging a **** ball based on the 
predetermined eel electrical-potential-difference detection value of the cooling 
water entrance side of a fuel cell stack thru/or claim 5. 
[Claim 7] Said **** ball condition judging means is the control unit of a fuel cell 
given in any 1 term of claim 2 characterized by applying bigger weight to the 
operation value of said parameter based on the eel electrical-potential-difference 
detection value near the cooling water entrance side of a fuel cell stack, and 
judging a **** ball to it thru/or claim 5. 
[Claim 8] Said **** ball condition judging means is the control unit of a fuel cell 
given in any 1 term of claim 1 characterized by judging a **** ball based on the 
predetermined eel electrical-potential-difference detection value of a side with 
high gas pressure among the eels of a fuel cell stack thru/or claim 5. 
[Claim 9] Said **** ball condition judging means is the control unit of a fuel cell 
given in any 1 term of claim 2 characterized by applying bigger weight to the 
operation value of said parameter based on the eel electrical-potential-difference 
detection value near a side with high gas pressure, and judging a **** ball among 



the eels of a fuel cell stack thru/or claim 7. 
[Claim 1 0] the square of a difference with the actual voltage value of the eel 
group which detected said parameter with the reference voltage level of a eel 
group, and the eel electrical-potential-difference detection means ~ the control 
unit of a fuel cell given in any 1 term of claim 2 characterized by being the 
average thru/or claim 9. 

[Claim 11] The electric vehicle characterized by having the control unit of the fuel 
cell of claim 1 thru/or claim 10 given in any 1 term in order to control a fuel cell 
and this fuel cell. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the electric vehicle in which the 
control unit of a fuel cell and fuel cell which detect the **** ball of a fuel cell stack 
and control a water purge were carried. 

[0002] 

[Description of the Prior Art] In a fuel cell, the generation water produced as a 



result of the reaction of oxygen [ hydrogen and ] and the liquid hydrogen 
produced when the steam contained in fuel gas and oxidant gas condenses may 
pile up in a cel. In this case, in the eel in which water piled up, the flow of gas will 
be checked, and sufficient hydrogen and oxygen cannot be supplied, but a eel 
electrical potential difference will fall, and, as a result, an output will decline. 
Therefore, when stagnation (**** ball of a eel) of such water arises, it is 
necessary to do promptly the activity of "a purge" which discharges the water 
which was made to increase a quantity of gas flow and collected, to scavenge 
the inside of each eel of a fuel cell, and to recover an output. 
[0003] There are JP,7-022047,A and JP,9-245826,A as a technique which 
detects the **** ball of the eel of the conventional fuel cell stack, and controls a 
water purge, an anode [ as opposed to / the former technique prepares a 
reference electrode in a single eel, detect the single electrode potential of an 
anode and a cathode using this reference electrode, and / a change of load ], 
and the pattern of a cathode bipolar potential change - an anode and a cathode 
- it presumes whether the **** ball is produced on the which pole, and while 
making the flow rate of the reagin of the pole which has produced the **** ball 
increase, a **** ball is canceled by stopping humidification 
[0004] Moreover, in the case of the various service conditions of a fuel cell, the 
latter technique divides the pattern of aging of the electrical potential difference 



of a cell block which consists of a single eel or two or more single eels, and is 
beforehand stored in storage. The pattern of aging of every single eel and the 
electrical potential difference for every cell block is measured. The pattern of 
aging of the obtained electrical potential difference is compared with the pattern 
stored in storage, a service condition is judged, and the amount of humidification, 
a quantity of gas flow, etc. are controlled according to which judgment result with 
insufficient **** ball, film desiccation, and supply of oxidant gas. 
[0005] 

[Problem(s) to be Solved by the Invention] However, a technique given in 
JP,7-022047,A Since it is the configuration of preparing a reference electrode in 
one or more eels, and presuming a **** ball from the anode of a eel to a 
reference electrode, and the single electrode potential of a cathode, There was a 
trouble that distinction of whether to be what changed with **** balls whether 
change of single electrode potential when the operational status of a fuel cell 
changes was that from which the electrical potential difference in which an 
output is possible changed theoretically [ each eel ] was difficult, and could not 
detect a **** ball with a sufficient precision by various operational status. 
[0006] Moreover, a technique given in JP,9-245826,A Since it is the 
configuration of judging a service condition as compared with the pattern which 
the pattern of aging of every single eel and the electrical potential difference for 



every cell block was detected [ pattern ], and stored the detection value in 
storage beforehand, Since the property change by the secular change and aging 
of a property with a **** ball etc. were not able to be separated when the property 
of a primary fuel cell has deteriorated according to secular change by long time 
amount, there was a trouble that the judgment precision of service conditions, 
such as a **** ball, fell. 

[0007] It is offering the control unit of the fuel cell which the purpose of this 
invention cannot require for operational status, but can detect the **** ball of a 
fuel cell with a sufficient precision in view of the above trouble. 
[0008] Moreover, even if the purpose of this invention has change of the 
generation-of-electrical-energy property of the fuel cell by secular change, it is 
offering the control unit of the fuel cell which can detect a **** ball with a 
sufficient precision. 
[0009] Furthermore, the purpose of this invention is offering the electric vehicle 
which detected the **** ball of a fuel cell with a sufficient precision, and raised 
fuel consumption and operability in the electric vehicle in which the fuel cell was 
carried. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
to claim 1 publication invention In the control unit of the fuel cell equipped with 



the eel stack which carried out the laminating of two or more eels An operational 
status detection means to detect the pressure of the fuel gas in the inlet port or 
outlet of said eel stack, and oxidant gas at least, A reference voltage operation 
means to calculate the reference voltage based on the theoretical 
electrical-potential-difference value of a eel group which consists of a single eel 
or two or more single eels based on the output of this operational status 
detection means, A eel electrical-potential-difference detection means to detect 
the actual voltage of the eel group of a fuel cell, and a **** ball condition judging 
means to judge the **** ball condition of a eel based on the output of this eel 
electrical-potential-difference detection means, and the output of said reference 
voltage operation means, Let it be a summary to have had the purge control 
means which performs water purge control for discharging the water which 
collected on the eel based on the judgment result of this **** ball condition 
judging means. 
[0011] In order to attain the above-mentioned purpose, to claim 2 publication 
invention In the control unit of a fuel cell according to claim 1 said **** ball 
condition judging means Let it be a summary to calculate the parameter showing 
the magnitude of the change from the theoretical value of a eel electrical 
potential difference, and to judge a **** ball condition with the magnitude of this 
parameter from the theoretical electrical-potential-difference value of the eel 



group calculated with said reference voltage operation means, and the 
electrical-potential-difference value of the eel group detected with the eel 
electrical-potential-difference detection means. 

[0012] In order to attain the above-mentioned purpose, as for invention, in the 
control unit of a fuel cell according to claim 1 or 2, said reference voltage 
operation means makes it a summary to amend and calculate a theoretical 
electrical-potential-difference value with the study value based on the eel 
electrical-potential-difference detection value of the predetermined period 
immediately after performing water purge control at claim 3 publication, in case 
the reference voltage level of a eel group is calculated. 
[0013] In order to attain the above-mentioned purpose, invention equips claim 4 
publication with a temperature detection means to detect the temperature 
distribution of a eel group, in the control unit of a fuel cell given in any 1 term of 
claim 1 thru/or claim 3, and said **** ball condition judging means makes it a 
summary for temperature to judge a **** ball based on the eel 
electrical-potential-difference detection value of a eel lower than a 
predetermined value. 
[0014] In order to attain the above-mentioned purpose, invention equips claim 5 
publication with a temperature detection means to detect the temperature 
distribution of a eel group, in the control unit of a fuel cell given in any 1 term of 



claim 2 thru/or claim 4, and said **** ball condition judging means makes it a 
summary to apply bigger weight to the operation value of said parameter based 
on the eel electrical-potential-difference detection value of a eel with low 
temperature, and to judge a **** ball. 

[0015] In order to attain the above-mentioned purpose, invention is set at claim 6 
publication to the control unit of a fuel cell given in any 1 term of claim 1 thru/or 
claim 5, and said **** ball condition judging means makes it a summary to judge 
a **** ball based on the predetermined eel electrical-potential-difference 
detection value of the cooling water entrance side of a fuel cell stack. 
[0016] In order to attain the above-mentioned purpose, let it be a summary for 
invention to apply bigger weight to claim 7 publication at the operation value of 
said parameter based on a eel electrical-potential-difference detection value with 
said **** ball condition judging means near the cooling water entrance side of a 
fuel cell stack in the control unit of a fuel cell given in any 1 term of claim 2 thru/or 
claim 5, and to judge a **** ball. 

[0017] In order to attain the above-mentioned purpose, invention makes it a 
summary for said **** ball condition judging means to judge a **** ball based on 
the predetermined eel electrical-potential-difference detection value of a side 
with high gas pressure in the control unit of a fuel cell given in any 1 term of 
claim 1 thru/or claim 5 among the eels of a fuel cell stack at claim 8 publication. 



[0018] In order to attain the above-mentioned purpose, let it be a summary for 
invention to apply bigger weight to the operation value of said parameter based 
on [ among the eels of a fuel cell stack ] the eel electrical-potential-difference 
detection value near a side with high gas pressure in said **** ball condition 
judging means in the control unit of a fuel cell given in any 1 term of claim 2 
thru/or claim 7, and to judge a **** ball at claim 9 publication. 
[0019] the square of a difference with the actual voltage value of the eel group to 
which invention detected said parameter in the control unit of a fuel cell given in 
any 1 term of claim 2 thru/or claim 9 with the reference voltage level of a eel 
group, and the eel electrical-potential-difference detection means to the claim 10 
publication in order to attain the above-mentioned purpose - let it be a summary 
to be the average. 

[0020] In order to attain the above-mentioned purpose, in order that invention 
may control a fuel cell and this fuel cell at claim 11 publication, it is the electric 
vehicle which makes it a summary to have had the control unit of the fuel cell of 
claim 1 thru/or claim 10 given in any 1 term. 
[0021] 

[Effect of the Invention] In the control unit of the fuel cell which was equipped 
with the eel stack which carried out the laminating of two or more eels according 
to invention of claim 1 An operational status detection means to detect the 



pressure of the fuel gas in the inlet port or outlet of said eel stack, and oxidant 
gas at least, A reference voltage operation means to calculate the reference 
voltage based on the theoretical electrical-potential-difference value of a eel 
group which consists of a single eel or two or more single eels based on the 
output of this operational status detection means, A eel 
electrical-potential-difference detection means to detect the actual voltage of the 
eel group of a fuel cell, and a ***■* ball condition judging means to judge the **** 
ball condition of a eel based on the output of this eel 
electrical-potential-difference detection means, and the output of said reference 
voltage operation means, By having had the purge control means which 
performs water purge control for discharging the water which collected on the eel 
based on the judgment result of this **** ball condition judging means Even if 
operational status changes and a fuel cell property changes with secular change 
again, it is effective in the **** ball of a eel being detectable with a sufficient 
precision from the reference voltage according to operational status, and an 
actual eel electrical potential difference. 

[0022] According to invention of claim 2, to the effect of the invention of claim 1 
in addition, said **** ball condition judging means From the theoretical 
electrieal-potential-difference value of the eel group calculated with said 
re f erenC e voltage operation means, and the electrical-potential-difference value 



of the eel group detected with the eel electrical-potential-difference detection 
means Since the parameter showing the magnitude of the change from the 
theoretical value of a eel electrical potential difference is calculated and the **** 
ball condition was judged with the magnitude of this parameter, it is effective in 
the ability to judge a **** ball correctly with a parameter further. 
[0023] According to invention of claim 3, to the effect of the invention of claim 1 
or claim 2 in addition, said reference voltage operation means Since a 
theoretical electrical-potential-difference value is amended and it was made to 
calculate with the study value based on the eel electrical-potential-difference 
detection value of the predetermined period immediately after performing water 
purge control when calculating the reference voltage level of a eel group Even 
when the electrical-potential-difference value of a fuel cell has shifted from the 
theoretical electrical-potential-difference value according to secular change, it is 
effective in a **** ball being detectable with a sufficient precision. 
[0024] According to invention of claim 4, in addition to the effect of the invention 
of claim 1 thru/or claim 3, it has a temperature detection means to detect the 
temperature distribution of a eel group. Said **** ball condition judging means 
Since temperature judged the **** ball based on the eel 
electrical-potential-difference detection value of a eel lower than a 
predetermined value A **** ball can be judged based on the eel 



electrical-potential-difference detection value of only the eel of the 
low-temperature section on which there are comparatively many amounts of 
condensation of water, and water tends to collect, and the detection period of a 
eel electrical potential difference can be made into a high speed, consequently it 
is effective in a **** ball being detectable with a sufficient precision. 
[0025] According to invention of claim 5, in addition to the effect of the invention 
of claim 2 thru/or claim 4, it has a temperature detection means to detect the 
temperature distribution of a eel group, and since bigger weight is applied and 
the **** ball was judged, said **** ball condition judging means has the 
effectiveness that a **** ball can be detected with still more sufficient sensibility 
in the operation value of said parameter based on the eel 
electrical-potential-difference detection value of a eel with low temperature. 
[0026] According to invention of claim 6, to the effect of the invention of claim 1 
thru/or claim 5 in addition, said **** ball condition judging means Since the **** 
ball was judged based on the predetermined eel electrical-potential-difference 
detection value of the cooling water entrance side of a fuel cell stack The amount 
of condensation of water can make a high speed comparatively the detection 
period of the eel electrical potential difference of the eel of the cooling water 
entrance side of the fuel cell stack on which water tends to collect mostly, 
consequently it is effective in a **** ball being detectable with a sufficient 



precision. 

[0027] According to invention of claim 7, to the effect of the invention of claim 2 
thru/or claim 5 in addition, said **** ball condition judging means Since bigger 
weight is applied to the operation value of said parameter based on the eel 
electrical-potential-difference detection value near the cooling water entrance 
side of a fuel cell stack and the **** ball was judged to it Big weight can be 
applied with the parameter operation value based on the eel 
electrical-potential-difference detection value near the cooling water entrance 
side of the fuel cell stack on which there are comparatively many amounts of 
condensation of water, and water tends to collect, and it is effective in a **** ball 
being detectable with sufficient sensibility. 

[0028] According to invention of claim 8, to the effect of the invention of claim 1 
thru/or claim 5 in addition, said **** ball condition judging means Since the **** 
ball was judged based on the predetermined eel electrical-potential-difference 
detection value of a side with high gas pressure among the eels of a fuel cell 
stack A saturated steam flow rate can judge a **** ball now only based on the eel 
electrical-potential-difference detection value of a eel with the high gas pressure 
on which water tends [ comparatively ] to collect low. The detection period of the 
eel electrical potential difference of the eel on which water tends to collect can be 
made into a high speed, consequently it is effective in a **** ball being detectable 



with a sufficient precision. 

[0029] According to invention of claim 9, to the effect of the invention of claim 2 
thru/or claim 7 in addition, said **** ball condition judging means Since bigger 
weight is applied to the operation value of said parameter based on the eel 
electrical-potential-difference detection value near a side with high gas pressure 
and the **** ball was judged to it among the eels of a fuel cell stack Bigger weight 
can be applied to the parameter operation value based on the eel 
electrical-potential-difference detection value of a eel with the high gas pressure 
on which a saturated steam flow rate is low and water tends [ comparatively ] to 
collect, a **** ball can be judged now to it, and the effectiveness that a **** ball is 
detectable with sufficient sensibility is in it. 
[0030] according to invention of claim 10 - the effect of the invention of claim 2 
thru/or claim 9 - in addition, the square of a difference with the actual voltage 
value of the eel group which detected said parameter with the reference voltage 
level of a eel group, and the eel electrical-potential-difference detection means - 
since it considered as the average, it is effective in a **** ball being detectable 
with a sufficient precision by the easy operation. 
[0031] According to invention of claim 1 1 , it is effective in the ability to detect the 
**** ball of a eel with a sufficient precision, and raise the fuel consumption and 
operability of an electric vehicle, even if operational status changes by having 



had the control unit of the fuel cell of claim 1 thru/or claim 10 given in any 1 term 
and a fuel cell property changes with secular change again in order to control a 
fuel cell and this fuel cell. 

[0032] 

[Embodiment of the Invention] Next, this invention is explained to a detail with 
reference to a drawing. The fundamental concept of this invention is explained 
before explanation of an operation gestalt. As a factor to which the electrical 
potential difference of the eel of a fuel cell falls, although there are also a fall of 
the oxygen tension in an air pole and a fall of the hydrogen partial pressure in a 
hydrogen pole, the inclination to appear as a specific eel or the sag of a eel 
group, i.e., dispersion of a eel electrical potential difference, has the influence 
with the **** ball of a eel to the fall of these partial pressures appearing as sag of 
the whole cel. Therefore, if the magnitude of dispersion in the actual voltage 
from the reference voltage of a eel group when the **** ball has not arisen is 
calculated, while being able to detect a **** ball correctly, consequently 
controlling an unnecessary water purge, when a water purge is required, a water 
purge can be performed certainly. 

[0033] Moreover, although the reference voltage of a eel group may have shifted 
from the theoretical electrical potential difference according to secular change, if 
the gap by secular change is learned from the actual voltage value of the eel 



group in the condition that there is no **** ball immediately after performing 
water purge control and you make it reflected in the operation of reference 
voltage, irrespective of secular change, it can detect a **** ball with a sufficient 
precision, and can perform water purge control certainly. 
[0034] Drawing 1 is the block diagram showing the basic configuration of the 
control unit of the fuel cell concerning this invention. An operational status 
detection means 101 by which the control unit of a fuel cell detects the pressure 
of the fuel gas in a fuel cell inlet port or an outlet, and oxidant gas at least in this 
drawing, A eel electrical-potential-difference detection means 102 to detect the 
actual voltage of a eel group which consists of a single eel or two or more single 
eels, A reference voltage operation means 103 to calculate the reference voltage 
of a eel group based on the operational status detection means 101, the eel 
electrical-potential-difference detection means 102, and the output of 105 
mentioned later, It has a **** ball condition judging means 104 to judge the **** 
ball condition of a eel based on the output of the eel 
electrical-potential-difference detection means 102 and the reference voltage 
operation means 103, and the purge control means 105 which performs purge 
control based on the judgment result output of the **** ball condition judging 
means 104. 
[0035] Drawing 2 is the system configuration Fig. showing the fuel cell structure 



of a system to which the control unit of the fuel cell concerning this invention is 
applied, and although it is not limited especially, it is a suitable fuel cell system 
for an electric vehicle. 

[0036] As shown in drawing 2 , the fuel cell system by which this invention is 
applied The fuel cell stack 201 which has the fuel electrode and air pole which 
are not illustrated, and is generated according to the electrochemical reaction of 
the hydrogen which is fuel gas, and the oxygen in air (body of a fuel cell), The 
humidifier 202 which humidifies hydrogen and air, and the compressor 203 
which compresses the air adopted from the outside and is sent to a humidifier 
202, The adjustable bulb 204 which controls the flow rate of high-pressure 
hydrogen, and the throttle 205 which controls the pressure and flow rate of air, 
The purge valve 206 which exhausts hydrogen outside, and the pure water 
pump 207 which supplies pure water to a humidifier 202, It has the pressure 
sensor 208 which detects the air pressure of a fuel cell inlet port, the pressure 
sensor 209 which detects the hydrogen pressure force of a fuel cell inlet port, the 
eel electrical-potential-difference detection electrodes 211a, 211b, --, 21 1z, and 
the controller 210 which controls a fuel cell. 
[0037] The correspondence relation between drawing 1 and drawing 2 is as 
follows. The operational status detection means 101 of drawing 1 is equivalent to 
the pressure sensor 209 which detects the pressure sensor 208 and the 



hydrogen pressure force of detecting the air pressure of drawing 2 , and the eel 
electrical-potential-difference detection means 102 of drawing 1 is equivalent to 
the eel electrical-potential-difference detection electrodes 211a, 211b, --, 21 1z. 
The reference voltage operation means 103, the **** ball condition judging 
means 104, and the purge control means 105 of drawing 1 are equivalent to a 
controller 210. 
[0038] A compressor 203 humidifies air with the pure water which compressed 
air and was supplied to the humidifier 202 by the pure water pump 207 with 
delivery and a humidifier 202, and the humidified air is sent into the fuel cell 
stack 201. A flow rate is controlled by the adjustable bulb 204, high-pressure 
hydrogen is sent to a humidifier 202, with a humidifier 202, hydrogen is 
humidified with the pure water supplied by the pure water pump 207 like air, and 
the humidified hydrogen is sent into the fuel cell stack 201 . In the fuel cell stack 
201, it generates electricity by making the air and hydrogen which were sent in 
react, and a current (power) is supplied to external systems, such as a car. The 
remaining air used for the reaction by the fuel cell stack 201 is discharged to 
atmospheric air, after pressure control is performed by the throttle 205. 
[0039] Moreover, although the remaining hydrogen used for the reaction is 
discharged from the fuel cell stack 201, it flows back to the upstream of a 
humidifier 202, and is reused to a generation of electrical energy. Now, it has the 



pressure sensor 208 which detects the air pressure of a fuel cell inlet port, and 
the pressure sensor 209 which detects the hydrogen pressure force, and these 
signals are read into a controller 210 with the eel electrical potential difference of 
the eel group of a fuel cell. The throttle 205 by the side of air and the purge valve 
206 of hydrogen are opened, and water collected on the interior of a fuel cell is 
discharged outside, and when the situation of the **** ball of a eel is judged from 
the read value and it judges with the **** ball having arisen, it controls by the 
controller 210 so that the output of a fuel cell is recovered. 
[0040] Drawing 3 is the (a) reference voltage level (= theoretical 
electrical-potential-difference value VestO (i)) of each eel when setting a eel 
number to i, and always [ (b) forward ] drawing showing the situation of change 
of the real eel electrical potential difference Vcell at the time of (c) **** ball (i). 
The theoretical electrical-potential-difference value VestO of the eel number i of a 
fuel cell (i) "electrochemistry introduction" (Matsuda and the Iwakura 
collaboration, and Maruzen Co., Ltd.) and "new electrochemistry" (the edited by 
Electrochemical Society of Japan -) "Nernst's equation" of publications, such as 
Baifukan, "polarization (activity polarization, concentration polarization)", Based 
on the publication of "limiting current density" etc., it is computable with the 
theoretical formula showing in (1) type from oxygen tension (Bo2), a hydrogen 
partial pressure (Bh2), a drawing current (Ic), and stack temperature (Tfc). 



[0041] 

[Equation 1] 
VestO =» K0-T fc - 1 Kl-ln(B h2 ) +K2-ln(B o2 ) +K3-ln(Ic) |+ K4*T f 



+K5-Ic+T fc -Kl 



(1) 



Here, the hydrogen limiting current density it is decided by K1 to K5 from Bh2 
and Tfc that a constant, and Ih2 and L will be, and lo2 and L are oxygen limiting 
current density decided from Bo2 and Tfc. 

[0042] Moreover, it can ask for partial pressures Bh2 and Bo2 from the oxygen 
density in the steam partial pressure decided by drawing 5 from stack 
temperature, the air pressure Po 2 of a stack inlet port and the hydrogen 
pressure force Ph2, and air. Since the pressure in each eel in a fuel cell declines 
gradually as it approaches an outlet side by the pressure loss of internal piping, if 
this pressure-loss property is investigated in advance, the theoretical 
electrical-potential-difference value for every eel for which it asked from the 
theoretical formula will become like drawing 3 (a). Here, it shall ask for the 
parameter which shows the magnitude of dispersion from the reference value of 
each eel electrical potential difference by the following (2) types. 



[0043] 



[Equation 
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Although it can judge that the parameter value of (2) types will become small if 
the actual voltage value of each eel is mostly in agreement with a reference 
voltage level now as shown in drawing 3 (b), and the **** ball is not produced, 
since there is eel [ value / theoretical electrical-potential-difference ] greatly 
shifted if detected like drawing 3 (c), the parameter value of (2) types becomes 
large and it can be judged that the **** ball is produced. 
[0044] The situation of the real eel electrical potential difference Vcell at the time 
of (d) **** ball (i) is always [ (reference voltage level Vest (i) and c) forward ] 
which amended (a) theoretical electrical-potential-difference value VestO of each 
eel (i), and the property gap by (b) secular change with the study value shown in 
drawing 4 . The theoretical electrical-potential-difference value VestO of each eel 
(i) is first calculated like the case of drawing 3 using (1) type from the stack inlet 
air pressure Po 2, the hydrogen pressure force Ph2, the stack temperature Tfc, 
the drawing current Ic, and a pressure-loss property ( drawing 4 (a)). 
[0045] Moreover, immediately after performing a water purge, it is based on the 



actual voltage value Vcell of each eel (i), and they are the following (3) types 
[several 

I N Vcell (i, n) 

k(i, p)^a-k(i, p-l) + (l- 0 )- — S - — 

N n =i VestO(i) 

The correction factor to ******** secular change is learned, the study value is 
used, and they are the following (4) types [several 4] about a reference voltage 
level Vest (i). 

Vest(i) =k (i, p) and VestO (i) -- (4) 
A ******** operation is carried out. Here, it is the study value alpha after the Pth 
water purge of the k(i, p):cel i. : Moving-average multiplier of renewal of a study 
value (0< alpha<1) 

N : it is the number of data once used for study. 
[0046] Although the reference voltage level in each eel may shift from a 
theoretical electrical-potential-difference value when there are secular change, a 
reference voltage level like drawing 4 (b) can be calculated by amending a 
theoretical electrical-potential-difference value with the study value of (3) types. 
The parameter which shows the degree of dispersion in a eel electrical potential 
difference using (2) types from the reference voltage level Vest (i) calculated by 
(4) formulas next and the actual voltage value Vcell of each eel (i) is calculated. 



3]. 
-(3) 



Although it can judge that the parameter value of (2) types will become small if 
the actual voltage value of each eel is mostly in agreement with a reference 
voltage level as shown in drawing 4 (c), and the **** ball is not produced, since 
there is eel [ value / theoretical electrical-potential-difference ] greatly shifted if 
detected like drawing 4 (d), the parameter value of (2) types becomes large and 
it can be judged that the **** ball is produced. 
[0047] Moreover, although here explained the detection based on the electrical 
potential difference of a single eel, even if this uses the electrical potential 
difference of a eel group which consists of two or more single eels, it can be 
detected similarly. 
[0048] The [1st operation gestalt] Next, actuation of the 1st operation gestalt 
which showed the configuration is explained to drawing 1 and drawing 2 at a 
detail with reference to the flow chart of drawing 7 , drawing 8 , drawing 10 , and 
drawing 13 . Drawing 7 is the General flow chart which shows the whole 
actuation, and is performed for every (every [ For example, 10[] ms]) 
predetermined time by the controller 210 of drawing 2 . 
[0049] The air pressure PairO of a fuel cell stack inlet port and the hydrogen 
pressure force Ph20 are detected, and the current value Ic now taken out from 
the fuel cell is detected by S703 step (a step is hereafter abbreviated to S) 701, 
and S702. In S704, the reference voltage level Vest (i) of each eel (i= 1 - Ncell) is 



calculated based on the detected value, and the actual voltage value Vcell of 
each eel (i) is detected in S705. The parameter which expresses a **** ball with 
S706 based on a reference voltage level and an actual voltage value is 
calculated, and in S707, according to the calculated parameter, water purge 
control is performed and it ends. 

[0050] Drawing 8 shows the contents of the procedure of the reference voltage 
level Vest (i) operation in S704 of drawing 7 
[0051] In S801, the air pressure PairO of the detected fuel cell stack inlet port 
and the air pressure Pair in the pressure-loss property of an air pole to each eel 
(i) are presumed. Here, the pressure-loss property shall investigate the property 
of the actual thing in the experiment in advance, and shall give it on the map on 
which the rate of a pressure drop can be found from a flow rate (or output) as 
shown in drawing 6 (a), and a eel number. In S802, the hydrogen pressure force 
Ph20 of the detected fuel cell stack inlet port and the hydrogen pressure force 
Ph2 in the pressure-loss property of a hydrogen pole to each eel (i) are 
presumed. The pressure-loss property of hydrogen shall be given by drawing 6 
(b) like the case of air. The temperature Tfc of a fuel cell stack is detected in 
S803, and the steam partial pressure Bvapor is calculated from temperature and 
the steam partial pressure property of drawing 5 in S804. In S805, the oxygen 
tension Bo2 in each eel (i) is calculated from the oxygen density Ro2 in the air 



pressure estimate Po 2 in each eel (i), the steam partial pressure Bvapor, and air. 
In S806, the hydrogen partial pressure Bh2 in each eel (i) is calculated from the 
hydrogen pressure force estimate Ph2 in each eel (i), and the steam partial 
pressure Bvapor. Based on (1) type, the theoretical 
electrical-potential-difference value VestO in each eel (i) is calculated, and by 
S808, to the reference voltage level Vest in each eel (i), the theoretical 
electrical-potential-difference value VestO (i) is assigned, and it ends S807. 
[0052] The contents of the procedure of the **** ball parameter operation in 

5706 of drawing 7 are shown in drawing 10 . The reference voltage Vest of each 
eel calculated by S704 of drawing 7 (i) is read, and the actual voltage Vcell of 
each eel calculated by S705 of drawing 7 (i) is read by S1002 S1001. In S1003, 
using (2) types, the parameter X showing a **** ball is calculated and it ends. 
[0053] The contents of the procedure of the water purge control activation in 

5707 of drawing 7 are shown in drawing 13 . In S1301, the value of the flag 
PFlag showing under purge activation is judged. When it is judged that it is not 
[ purge / be I it ] under activation by S1301 (PFIag=0), it progresses to S1302, 
and it judges whether Parameter X is larger than threshold Xpurge which judges 
a **** ball. If it is judged as a **** ball (X>Xpurge) by S1302, an air throttle is 
made full open by S1303, a hydrogen purge valve is made full open by S1304, 
and it is referred to as PFIag=1 by S1305, and by S1306, it will be referred to as 



counter=0 and will end. Moreover, when it is judged by S1302 that it is not a **** 
ball (X<=Xpurge), it ends as it is. If it judges that it is [ purge ] under activation by 
S1301 (PFIag=1), 1 will be added to counter by S1307, and it will progress to 
S1308. In S1308, it is referred to as flag PFIag=0 which judges whether counter 
is larger than the time amount Tpurge of purge activation, usually returns the air 
throttle made full open by S1309 to control when large, opens a hydrogen purge 
valve fully by S1310, and expresses under purge activation with S1311, and 
ends. Moreover, when counter is not judged to be larger than the time amount 
Tpurge of purge activation by S1308, it ends as it is. 
[0054] The [2nd operation gestalt] The 2nd operation gestalt is shown in the flow 
chart of drawing 7 , drawing 9 , drawing 10 , and drawing 13 . Since drawing 7 , 
drawing 10 , and drawing 13 are the same as that of the 1st operation gestalt, 

only drawing _9 is explained. 

[0055] The contents of the procedure of the reference voltage (Vest (i)) operation 
in S704 of drawing 7 are shown in drawing 9 . Since it is the same as that of 
S801 to 807 of drawing 8 , S901 to S907 is omitted. In S908, the correction 
factor k (i, p) computed by (3) types based on the data of the predetermined time 
after purge control activation is read, and the value which multiplied the 
theoretical electrical-potential-difference value VestO in each eel (i) by the 
correction factor of each eel is assigned to S909 at a reference voltage level 



Vest (i), and it ends. 

[0056] The [3rd operation gestalt] The 3rd operation gestalt is shown in the flow 
chart of drawing 7 , drawing 8 (or drawing 9 ), drawing 11 , and drawing 13 . This 
operation gestalt is an operation gestalt when the temperature of each eel can 
measure or presume. Since drawing 7 , drawing 8 , and drawing 13 are the 
same as that of the 1st operation gestalt, only drawing 11 is explained. 
[0057] The contents of the procedure of the **** ball parameter operation in 
S706 of drawing 7 are shown in drawing 11 . The reference voltage Vest of each 
eel calculated by S704 of drawing 7 (i) is read, and the actual voltage Vcell of 
each eel calculated by S705 of drawing 7 (i) is read by S1 102 S1101. The initial 
value of the variable i which expresses a eel number with S1103 is set as i= 1, 
and the temperature Tcell of each eel (i) is detected in S1104. In S1105, 
weighting-factor W (i) according to eel temperature is calculated based on the 
table data shown in drawing 14 . Variable i is increased one time, and by S1 107, 
it judges whether Variable i is larger than Ncell, and when not large, it returns to 
S1 104 S1 106. If only Ncell repeats this operation and weighting-factor [ of a eel 
1 - Cel Ncell ] W (i) is calculated, the loop-formation terminating condition of 
S1107 will be satisfied, and it will progress to S1108. The parameter X which 
expresses a **** ball with S1108 to (2) types using the formula which 
weighting-factor W (i) joined is calculated, and it ends. 



[0058] Moreover, since the temperature of each eel can be measured or 
presumed, when fuel cell stack temperature Tfc of S803 of drawing 8 is made 
into the temperature Tfc for every eel (i) and the steam partial pressure Bvapor 
calculated by S804 performs subsequent operations as Bvapor (i), precision can 
be raised more with this operation gestalt. 

[0059] The [4th operation gestalt] The 4th operation gestalt is shown in the flow 
chart of drawing 7 , drawing 8 (or drawing 9 ), drawing 12 , and drawing 13 . It is 
an operation gestalt when the temperature of each eel can measure or presume 
this operation gestalt as well as the 3rd operation gestalt. Since drawing 7 , 
drawing 8 , and drawing 13 are the same as that of the 1st operation gestalt, only 
drawing 12 is explained. 

[0060] The contents of the procedure of the **** ball parameter operation in 
S706 of drawing 7 are shown in drawing 12 . In drawing 12 , the reference 
voltage Vest of each eel calculated by S704 of drawing 7 (i) is read, and the 
actual voltage Vcell of each eel calculated by S705 of drawing 7 (i) is read by 

51202 S1201. Initial value of the variable i which expresses a eel number with 

51203 is set to i= 1, and the temperature Tcell of each eel (i) is detected in 
S1204. In S1205, it judges whether the detected temperature Tcell (i) is lower 
than the predetermined temperature Tdew. When the eel temperature Tcell (i) 
judges that it is lower than Tdew by S1205, it progresses to S1206, and 1 is 



substituted for multiplier S (i) and it progresses to S1208. When the eel 
temperature Tcell (i) does not judge that it is lower than Tdew by S1205, it 
progresses to S1207, and 0 is substituted for multiplier S (i) and it progresses to 
S1208. Variable i is increased one time, and by S1209, it judges whether 
Variable i is larger than Ncell, and when not large, it returns to S1204 S1208. 
[0061] If only a Ncell time repeats this operation and multiplier [ of a cell - Cel 
Ncell ] S (i) is calculated, the loop-formation terminating condition of S1209 will 
be satisfied, and it will progress to S1210. The parameter X which expresses a 
**** ball with S1210 to (2) types only using the eel electrical potential difference 
of the low temperature used as S(i) =1 using the formula which multiplier S (i) 
joined is calculated, and it ends. 

[0062] Moreover, since the temperature of each eel can be measured or 
presumed, when fuel cell stack temperature Tfc of S803 of drawing 8 is made 
into the temperature Tfc for every eel (i) and the steam partial pressure Bvapor 
calculated by S804 performs subsequent operations as Bvapor (i), precision can 
be raised more with this operation gestalt as well as the 3rd operation gestalt. 
[0063] The [5th operation gestalt] Although considered as the configuration 
which calculates the parameter with which the temperature of each eel can be 
detected and a **** ball is expressed using the weight according to the 
temperature of each eel with the 3rd operation gestalt Since it is cooled more 



and the eel of the direction near the inlet port of cooling water as a fuel cell tends 
to produce a **** ball, it is good also as a configuration which calculates the 
parameter which applies weight to the eel of the direction near the inlet port of 
cooling water, and expresses a **** ball with it. 
[0064] Namely, with the 5th operation gestalt, supposing it pours cooling water 
for example, to the one where a eel number is larger from the one where the eel 
number of a fuel cell stack is smaller What is necessary is just to calculate the 
formula explained by S1108 of the 3rd operation gestalt by making 
weighting-factor [ of a eel with the smaller eel number of a cooling water 
entrance side ] W (i) larger than weighting-factor W (i+1) of a eel with a larger eel 
number, and setting up so that it may be set to W(i) >W (i+1). 
[0065] The [6th operation gestalt] Although the temperature of each eel could be 
detected and the temperature of a eel considered as the configuration which 
calculates the parameter with which a **** ball is expressed based on the eel 
electrical potential difference of only a eel lower than a predetermined value with 
the 4th operation gestalt Since it is cooled more and the eel of the direction near 
the inlet port of cooling water as a fuel cell tends to produce a **** ball, it is good 
also as a configuration which calculates the parameter with which a **** ball is 
expressed only based on the eel electrical potential difference of the direction 
near the inlet port of cooling water. 



[0066] namely, i if cooling water was poured with the 6th operation gestalt to the 
one where a eel number is larger from the one where the eel number of a fuel 
cell stack is smaller, when the number of eels is set to Ncell -- < (Ncell/3) -- it is - 
what is necessary is to calculate a **** ball parameter only about the eel number 
i 

[0067] The [7th operation gestalt] Although considered as the configuration 
which calculates the parameter with which the temperature of each eel can be 
detected and a.**** ball is expressed using the weight according to the 
temperature of each eel with the 3rd operation gestalt Since temperature is the 
same as a fuel cell, the water condensed since the steam flow rate which the 
one where the gas pressure in a eel is higher solves and puts when saturated 
water vapor pressure is the same falls increases and it is easy to produce a **** 
ball, It is good also as a configuration which calculates the parameter which 
applies weight to a eel with higher gas pressure, and expresses a **** ball with it 
as the 7th operation gestalt. 

[0068] The [8th operation gestalt] Although the temperature of each eel could be 
detected and the temperature of a eel considered as the configuration which 
calculates the parameter with which a **** ball is expressed based on the eel 
electrical potential difference of only a eel lower than a predetermined value with 
the 4th operation gestalt Since temperature is the same as a fuel cell, the water 



condensed since the steam flow rate which can melt the one where the gas 
pressure in a eel is higher falls when saturated water vapor pressure is the same 
increases and it is easy to produce a"**** ball, It is good also as a configuration 
which calculates the parameter with which a **** ball is expressed as the 8th 
operation gestalt only based on a eel electrical potential difference with higher 
gas pressure. 
[0069] Although it came by the above operation gestalt as what detects the 
pressure of a fuel cell stack inlet port, and presumes the pressure for every eel, 
this is good also as a configuration which detects the pressure of a fuel cell stack 
outlet, and good also as a configuration which detects the pressure of both an 
inlet port and an outlet. 

[0070] Moreover, although it came by the above operation gestalt as what 
detects a **** ball based on the electrical potential difference of a single eel, this 
is good also as a configuration which detects a **** ball using the electrical 
potential difference of a eel group which consists of two or more single eels. 
[0071] Moreover, although the purge of an air pole came as what makes the 
throttle of control full open and usually performs it, this is good also as a 
configuration which prepares a purge valve apart from a throttle. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the basic block diagram of the control unit of the fuel cell 
concerning this invention. 

[Drawing 2] It is the hardware configuration Fig. of the fuel cell system which 
applied the control unit of the fuel cell concerning this invention. 
[Drawing 3] It is drawing showing the relation of (a) reference voltage of each eel, 
the eel electrical potential difference of (b) forward always, and the eel electrical 
potential difference at the time of (c) **** ball. 
[Drawing 4] It is drawing showing the relation of (a) theoretical electrical potential 
difference of each eel, the reference voltage computed by (b) study, the eel 
electrical potential difference of (c) forward always, and the eel electrical 
potential difference at the time of (d) **** ball. 
[Drawing 5] It is drawing showing the relation of the saturated water vapor 
pressure to temperature. 

[Drawing 6] (a) It is drawing showing the relation of the rate of a pressure drop of 
the eel to drawing showing the relation between a eel number and the rate of a 
pressure drop of the eel to an air flow rate, (b) eel number, and a hydrogen flow 
rate. 



[Drawing 7] It is the General flow chart which shows outline processing common 
to each operation gestalt. 

[Drawing 8] It is a flow chart showing the procedure of the reference voltage 
operation in the 1st operation gestalt. 

[Drawing 9] It is a flow chart showing the procedure of the reference voltage 
operation in the 2nd operation gestalt. 

[Drawing 10] It is a flow chart showing the procedure of the **** ball parameter 
operation in the 1st operation gestalt. 

[Drawing 11] It is a flow chart showing the procedure of the **** ball parameter 
operation in the 2nd operation gestalt. 

[Drawing 12] It is a flow chart showing the procedure of the **** ball parameter 
operation in the 4th operation gestalt. 

[Drawing 13] It is a flow chart showing the procedure of the water purge control 
j n the 1st operation gestalt. 

[Drawing 14] It is drawing showing the relation of the weight at the time of the 
**** ball parameter operation to the temperature of a cel. 
[Description of Notations] 

101 Operational Status Detection Means 

102 Cel Electrical-Potential-Difference Detection Means 

103 Reference Voltage Operation Means 



104 **** Ball Condition Judging Means 

105 Purge Control Means 
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[o o 1 9] ±mm*Wf8.t%rc*b, ff*«i ogk 
icsfflni, w*« 2 bit *a 9 ©t/^-rn^ i gnce 

■So 

[002 o] imBtftZMmtzrctb, mMmi am 
mmnmt, mmmnmMWtzrcMcm 
im i tit** i o (D^tnfr i mimvmmmm 

[0 0 2 1] 

^T, fcfefrte<fe7i/X#y ?© A nfe?>v tiffin 
* w- § 98*tff x KffcBfltf x © ffi7j^ m f s sheik 

m*#a©ffl£fcS^VTi?;V©7]<^t: t> noftatwe-r 

?ft#14«k L T fe % jS&KHfc & UfcSm«E i: *P8 
[0 0 2 2] K*«2'05»flk:<fentf> if*«i ©aw 

[0023] n#a3©^Wfc<fchtf, if*«i 
rt5R«2©^©a*tin^T, tMBSts«E»*?a 

©?\ fiSSEfcfc <fc i3M«ffi©»ffifi^atmttffifit^ 



[0 0 2 4] m#W4 ©5SWfc*n^ If 1 fcV^L 

a, M&tMjmZ t> fcffi^fc;l/©'te/V1tffil&flMtfc:S 
rS^TfcrSle. t) fclUSf S <fc 5 Lfc©T% JflRW*© 
SBKS** , ^< **ffiS* WflcS8fl©-t;V©&©-fe;l/ 
Sffij&ttUBfca-^T*^* D ^iJSf § C 

•fe^«j±©^ffligffl^ft3afc-rsii t&i*%,- %<D$£ 

[0 0 2 5] U*«'5©5WUcJ:ntf, W*«2«;V^L 
ffi*^ 4 ©^H^©^*fciin^T, "t;i/^©?as^*« 

[0 0 2 6] »^*6©^fc<fcn^ IfsRSl&^L 
y ^©?^iP7KAniJ©fiirS©-fe;V 

X * y * ©^tKAPI ]©^;v©-fe^ttffi©^tti/g|^ 

[0 0 2 7] m*^7©»wt<fcn^ w*«2a^t 

ffSgt 5 ©^0|J©^)*fcAB^T N 5 ttHfiJJE 

KS^fiX^ -y ^(D^7j<Anilti:3fi^-fe;Vm 
BE^mfflicS-3^7cfiifB7^^-^©MWfi^s * DA 
* ^a^^rSKtTTk^S D J&WS-TS «fe 9 ttfe©^ 

jfc«w*©sa8*tf£ < **^?ss t3 ^-r^K^itmx^ 
y^©^7kAnWfi:3fi^-fe;yttm^ttifiics^^c7^ 
9 ^ - ^ mnmc & 5 a^ ct^i 

[0028] s**8©^rak-<fcn(^ m&m 1 a^L 
5 ©»w©»mtip at, toe*^* D tt^JS 

ffi©m^© , t;Mt£E(fcflHifc»t3«f'»T*^S 0 fcWST 

si^c L7c©^\ ffifP7i<^fc^M*Hg< jtie«*^?a 
s 0 • s f-rv^ i xj±^©a^-b7i^©-fe^«:j±^ffifs©^^ 

^-r^-t;i/©^;v«i£©^tt)ia«*S3afc-r§ 

[0 0 2 9] IB*S9©^tJcntf, ifsf<«2a^b 
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swj&rs t kstpeffs <fe 5 jfifiax.*^* d 
[0030] o©SW!lc*n*J, W*W2ftv^ 

[0 0 3 1] M$«l 1 OSBJBlcJifttr, Msntfc 

£ t <fc d , 3HEtt«i«<s{ i: LTfes tdmmttn a d a 
m-** craves, nassi5©ffis$3<to ; Mistt*rRi 

[0 0 3 2] 

[003 3] tmt, K>m<Dmmnmm¥mt\c& 5 
fi^ e>,fi¥^fbfc <fc s-f n*¥B ts*«E©m*fcs 

[0 0 3 4] HI H\ ««aSWMIIi 
ffiOMfPSWi ^ ^.ft < fc fe SS^WS A P & S ^ « ffi P 
teR»ttffl#a'l 0 1 2:V Jli^SS^ttlKRfliCD^ 

1 0 2 immwmmm 1 0 1 v ■fe;i/*ffifctu#a 

1 0 2RtF^1*S 1 0 5©ffl;tycg^VT-fe;l/S¥<7}S 
. 1 0 3 KMKB. 

m&$-wt 1 0 2 ££t;g«ffi?!tiM 1 0 3 ©tu^jfc 



IfSl 0 4 Tjc^S DttlPJS^IS: 1 0 4 0¥iJJE*g 
*Hl^^S^v>T^-^iJffli^ff5^-^M®]^S 1 0 

[0.0 3 5] 02ti, COSSWtffi«ji»^«?fiOflWfflI« 

* ft s m&mws xfi cd^^^^-t ->xfi 
[0036] 02fc^-Tcfc9tc, *^^ara*ns«s 
&v3mt%w&w&*$ v i> mmnm*m 20 1 

•ytJ-2 0 3fc, KEE**OWa*IW»^SHriE>'^^2 

0 4 1, mwi£tiRzfffimmm??>xvv v^z 0 

5 7j<iR*^a5k:Sf^t5^-^2 0 6 i:, ia?i§§ 

2 0 2^>*fi**4«!iia'rs*fi*^y^ , 2 07^, asstttfi 
xu<D^MBti^imt^mi^y^ 2 0 s m« 

»APtD7j<^j±^^ffi-r§J±*-fe>^2 0 9 ^, -fe;V 

ns±^tamm2 1 1 a, 2 1 1 b, 2 1 1 zt, 1 

^WSSSUfflil'Snv hn— ? 2 1 0 i:*ilAT'^*o 
[0037] Hli:H2 ©?>fjSM«««T©ji 0 T*fe 
So 0 1 03»gtt!BtftftJ#® 1 0 Hi, H2©^ffi7J 
^^ffl-rSJEETJ-bV^ 2 0 8atf**£E**«ffl , rSffi 
^•feV-9-2 0 9(c|g^L, 111 1 0-fe;I/«£E«ffl¥S 1 0 
2«, -b;l/«JI^Hi«®2 1 1 a v 2 1 1 b, -> 2 1 

1 z icffiSf So 0 1 «a**E?ll»¥S 10 3, 7jc3 

s *3«H¥0)£¥S io4, at;^<-^fMffli^a 1 o 5 

ti, 2 1 OfcffiS^So 

[0 0 3 8] 3>yi/'7*2 0 3«SftC£B£iLTMI 
§§ 2 0 2 ^ D , APgig 2 0 2 -ettlifiTktfy:/ 2 0 7 T* 

v ^ 2 0 1 ^5 jisn§o 'liSffizksRttHrs/^ 

71/72 0 41:««A ,! SiJiI^nTAtlS§§2 0 2^.516 tl, 

An?S§§2 0 2-z*»a«i:raaMcl«*«v^ , 2 0 7 t'fJ& 
X^>y^2 0 l^t)jA^nSo BWiX^yi'2 0 

mmnmz. ^^201 -eastern t itm 1 v^m. 
a, xp7 h;i/'2 0 5 TETjfffM^T^nycfi, 
iftti^nso 

[0 0 3 9] %tcs Rl&KQm L TcB <9 ®7K^tt«m« 
IX^>^2 0 l)^6SPttl«nS^ iPS«2 0 2O± 

ttn-snTj-trv-9-2 0 9*fl»A, ctLZcom^mnn 
^EsnSo 3>fn-7 2iom M^jA/ofcffi^ 
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S.fcf!Igbfe«^lCttv S^IC^ny 2 0 5 t* 

[0 0 4 O] 03(i -te;W##* i tLrct%<D&H)l> 
CD ( a ) S^ttMl (-SflWffft V estO ( i ) ) 
( b ) im ( c ) *CJ$ 0 H#fiD*-fe;I/«ffi V c e 

i i (o <Dmt(Dm-?t^mx*3b%o m*mm<D* 
i ©ai«i±{ii v e s t o ( i ) a > rn^ft^ 



^fb^j «MI9) mmm<D r^^yx 

M^iSJ ^HOtaicfcS^^Ts IfeR^ffi (Bo2) , ;J< 
Hftffi (Bh2) , (I c) s XZytMS. 

dfc) ^6 (i) m^tmk&\z&~ixw-m%z 

[0 0 4 1] 
DR1] 



VestO = KO-T fc - 1 Kl -ln(B h2 ) +K2-ln(B o2 ) +K3-ln(Ic) }+K4-T ft 



+K5'Ic+T fc -Kl 



C C T% K 1 ft» B K 5 J±£$t I h2 , L& B h2, T f cfr & 
SzKUffilfWffilffa, I p2-,Lfi Bo2, T fcfr 5.?*$ 

[0 0 4 2] $fc, 5>J±Bh2, Bo2«U 05T?X#«y£ 
P o2, #*£E# P h2 fc^** <Dmmm&ft 




X 



Ncell 



Ncsll r s r 

• S |VceU(0-Vest(i)|' 1 



«£Ei^Kt£-»'LTVvftfcf (2) 

0 3 ( c ) €> <fc 5 tiam * nn«afi«j±fi^ & a 
fr<-fnfc-fe;P««36S7t^ (2) scd/W-****' 
A£ < ft 0*^JS D ^UTV^ fcfsjBrtS c fctf?* 

'So 

[0 0 4 4] 04.&£^ #-fe:;KE> (a) afittEEfiV e 

s t o (i) (b) fe^sEfciciswtt-fns^ir 

kG,p)= s o-k(i,p-l) + (l-«)- 

^Sffi^ffl^TSWlIfiV e s t (i) %$«D (4) 
Vest (i) =k (i, p) 

k ( i , p ) : -fe;M © P 0B<D*^-^0^Wffli 
a : ¥WffiM«f©»»¥^» ( 0 < a < 

1) 

[004 6] wm<ktf&vitm&, &we<Dgmn 



1 

"n" 



■•(1) 

#-fe;VffcDat^«J±fia, 03 (a) CfcSfcftSo C- 
C ?% #-fe;l/IBEcDS^*^ & ©tf 5 0$ © A^r * 

>r^5^-^^© (2) afciotwfeott 

■So 

[0 0 4 3] 
[§K2] 



■(2) 



fflT?1iiEL/fe»P«ffifflV est (1), (c) lEfT 
^ (d) «JB£CD^-te;l/«£EV cell ( i ) (0 

m-^to m<Dm&t$m^ x^^aps^e 
i c, !±mwm^ (i) s£ffl^T£-r«--fe;i/fflsi& 

«£EfflV e s t 0 (i) (04 (a) ) . 

[0 0 4 5] gfc, 7]<7^-^^ : ff ofcfi&fctt£tfz;l'0 
JWffittVc ell (1) fcg-3!N (3) 3 

13] 

N VcelKi, n) 
■ 5^ — — — —(a) 

VestO (i) 



[|4] 

VestO (i) ••• (4) 

^WfiST»3HSi«BE#^liiE , r§Ctl? > 0 4 (b) O* 
5 WtffiKlft § d i: ^ T- ^ 5 c OiTfc: (4) S 
T?*«>ifeSJP«EfflV est ( i ) a#"fe;V©*«£Effl 
Vce 1 1 (1) <y6 (2) S*ffl^ , r'te;l'«EE<E>fc£& 
■0*OS-&V«:^ , r^9^-**SI»"f«o 0 4 (c) 

LT^ntf (2) S©7^^-^fSa/J^<ftO, #3 
SDtt*CTfc>ftv\ fcipJBfefrsjbV 04 (d) 
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5 K$iiii-$tMi£fmnK.mfrtt% < fnfc-fe^tffc 

«fc«>, (2) S0^9*^*fc#*$<fc&*-3£t> 
[0 0 4 7] gfcs £ d 7?a¥-fe;V©«ffifcS-ii^7£^ 

-So 

10048] m i mn&tm wc, m u m 2 
*jS ltjji 1 mmm<Dmft%, 07,08, sio, 
hi 3(Dyu-^^~b^mmLrmmimmt^o 0 

7 ^f^j^^^^yn-^- r- ~n%> <o , 

iilO [ms] £*frSftS«, 
[0 0 4 9] Xf^ OT, Xry^Si:!^) 7 
0 1, S 7 0 2 M«?tX# y *An<Z>a»EJ P 
a i r 0, 7j<igJ£^P h 2 O^ftJU S 7 0 3fii^ 

S 7 0 4 «fflLfcffltS-3VT=&-te;l/ ( i = 1 ~ 
N c e 1 1 ) CPMV e s t (i)mWU S 7 
0 5 T*ti#-fe;VfiDSI«ffi^lV cell ( i ) 

§o s 7 o 6T-as*«j±fii;*«J±fi^a^^T7i<-^ 
*D*at3"r^7^-^*su¥u S 7 0 7m w.n 

[0 0 5 0] B8fciU a7©S7 0 4tfci^lW)I 

[o o 5 1 ] s 8 o i m m&hrcimmmzzv * 

XP«WS»EE*P a 1 r 0 £Sa«cDJ±S#ttfr P>; # 

wcaffiTjPa ir (i) ^jts-TSo ca\ 

(a) t^f* 5 fcflfct Gfcswitttfj) 
5ffi^T.*^#SS^;y^^«.St>Oi:tSo S 8 

h20 1 7j<i|fficDJH!#[4fr h , SHr ;l/?07j<*£E* P h2 
( i ) fcJiSTS, **0£ESW£{4S«OJi^i:ra«l 
£0 6 (b) 3 fc<0 £"$-«■« S 8 0 3 

?fiX*y ^OiBSTfc&lfcfHU S 8 0 4T?fiiaSfc0 
5 c7)7j<^^ffi#tt*^7j<l^J±B vapor £M» 

( 1 ) > *285C#£EB vapor, g&$<DWmW&R 
o25b^#-fe;l/t?©K^f)'ffiBo2 (i) ^MISTSo S8 
0 6 X°&, #-fe;l/^(7)7j<*J±^Ji£{fiPh2 ( i K 7i<m 
MMB v a p o r fr&#"fe;l/T?©;!kS#EEBh2 ( i ) 
§M»^§o S 8 0 7 ^tt, ( 1 ) x^cS^VT^-fe^ 
T*cD3ti*EfiiV estO (1) #iKJ(U S 8 0 8 T? 
(i#t;VT^ltPtffilV e s t (i) tJm«EffiV 
estO (i) *fU.b»T1-«o 

[0 0 5 2] 01 Ofcfct, 07 ©S 7 0 6klfcW«7j<^ 
S.t)/^^-^?»»O¥«itOft§*^0 S 1 0 0 1 
T?fct, 07 OS 7 0 4?M*Lfc&-te;l/©S*IMtEV e 



s t ( i ) S 1 0 0 2 07 CD S 7 0 

5^mMLTc^)l<Dmn!±V c ell (i) 
fro S 1 0 0 3t?{4 (2) U 

[0 0 5 3] 01 3ta, 07 CD S 7 0 7 fcfcttS*^ 
-S?W*|I*ff O¥«l*0^*^-ro S 1 3 0 1 7?Ji, 
^1-.i^fftf»*^tJ"^77^P F 1 a gOffi^W^Tt 

§o s i 3 o i r*rt—*JMff$~etz&^ (P F 1 a g = 

o) tmmhtcm^iis 1 3 0 2^jt^ ivy*—* 
y> mmtzh^mx P u r g e * 5 

^frH^jb^tlBWSo s 1 3 0 2 T?7jc3$ 0 (x>x 
purge) £WItL/c:S, S 1 3 0 3^70? h 
fr*£MlcU S 1 3 0 4T*7kmrt~i?#%:±fflfcU 
S 1 3 0 5T*PFlag=lJ:U S 1 3 06T?cou 
n t e r = 0fcU'»7t , So *7c> S 1 3 0 2T% 7]< 
-3£t)T?ft^ (X^Xpu r g e) fc!pJ»TLte#£B* 
OS^lftTfS. S 1 3 0 1 Tv-N-^HtT^T-feS (P 
F 1 a g= 1) fcWSrLfcE., S 1 3 0 7T*count 
erlclWU S 1 3 0 8^\jlty o S 1 3 0 8tU 
counter tfA-*Jm$T<Dm?3T purgeiW 
*^*»H5*»WlfU *£V#&SS 1 3 0 9-p^HfC 
LTfeoTcSMXn-y h;l/*a«WWlc*>£U S 1 3 
1 0T*#*^-5>#*£MU S 1 3 1 1 Tv^-^t 
tf*S*3t79yPF l ag = 0EU 3KF7t"So S 

S 1 308T'counter £>^f?<DB#fST 
pu r g e£K)±%^£'Vm-Zn%;fr'orcmi, 

[0054] &2 mmmm m 2 <D$m&t&&, 0 

7, 09, 010, @13©7o-f t-K<:^to 0 
7, 010, 01 3i2Jgl©^ffimi£^&cD?\ 0 

[0 0 5 5] 09 tfi, 07CDS 7 0 4fcfe^5SW 
ff (Vest ( i ) ) 8BW5¥«ffOrtS*^r. S 9 

0 1 fr & S 9 0 7 M\ 08 CDS 8 0 1 jb\£> 8 0 7 tMM 
ftOT?^lS , r«o S 9 0 8T?«U ^-S>fMfl*ff&0i!T 
S^HcDr-^^S^t (3) S£<fcoT*fflL;fcffijE 
ffiftk (i, p) *lfc#&^ S 9 0 9 T»tt»'te;l/T?© 

mmnzmv esto ( i ) fc#t;i/©aiE«»*»w- 

fcffii&SJpllBEfflV.e s t (i) KiXAlMTtZo 
[0 0 5 6] im 3 SfiffirMI) « 3 CD^*tBII^, 0 
7, 08 (fe§VHi09) v 01 1, 01 3CD7P-f" 

•v-ht^-To **mimi^ &m\y<DM&m-fn&% 
^im^tu^^mmm^^o 07, 08, 0 

1 z\sm\<Dwmtezn$tfcv~v> 01 lt^tc 

lOO 5 7] 01 1 fcfct, 07 CDS 7 0 6^fc^57kc! 
St)/<5>J-*»[J|t©?«*OrtS*^to S 1 1 0 1 
•^(±, 07 CD S 7 0 4 t??H»L7c#-fe;VCDSWffiV e 
st (i)^^E^s S 1 1 0.2 07 CDS 7 0 
5 rmWLTc^)V(Dmm£V cell ( i ) 
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tso s 1 1 o 3THtt)im^%mfrt%.m i mmm* 

i = 1 fc!S3£U S 1 1 0 4 T*li=g-fe;l/©aKT c e 1 
i ( i ) ^ttwrs,, S 1 1 0 5 t*BBI 1 4 i^tf- 

( i ) fciUJrf*. S 1 1 0 6 ?{4fflR' i « i MbnL, 
SI 10 7 t?{4ffiR i N. eel ^S^fc^PM 
U-**<*Ht&tts'l-l 0 4^. C©»£N 
cell ?eWHD)SU-,*;V 1 ~"fe;VN cell <OMfr 
(i) fciftHLft^ s 1 1 0 7©;l/-7&7* 
ft^MU S 1 1 0 8 'Nitty. S 1 1 0 8 T?& (2) 

[0 0 5 8] gft s c©ti|$MTHi&-fe;V©W£ff- 

Sy&S^ajiST?**©"**,' 08 ©S 8 0 3T><Dttfo*. 

^ y t fctk&^mcons. Tfc c i ) - t u 

S 8 0 4 XffiWt %> 7kWMfiHi B v a p o r fe B v a p 

or (i) tL»WHita^ 

[0059] m 4 n 4 <ommm&, 0 

7, 08 (ig>3W±09) HI 2, I1.3C7D-f 
•te;l/©Mfi#tf-ffl!l& § v ^ fiJIS"? * S*£©*8fiJ£JftT* 

s^o 07, 08, 01 3af i ©^stBgtBfcBHitft© 

T?, 01 2lCOV v r<D#§Sfiirf3o 

[0 0 6 0] 0 121Cli v 07© S 7 0 6\C&tt%7K~3 
t£QA?*-$tm<&&0t'£<D?i&%7frto 01 2fcfe 
^T, S 1 2 0 1 T'fct 07 © S 7 0 4 7?Jg*Lfc#-fe 
;1/©S«JEV e s t ( i ) «WA^ S 1 2 0.2? 
tt % 07 © S 7 0 5 Titlf Lft=&-tr;V©*«ffiV c e 1 

1 ( i) ItW^mSo. SI 2 0 3 •Ctt-fe>l/##%St3.f 
^ 1 ©3U8HE& 1 = 1 t U S 1 2 0 4 T?tt#-te;WD 
SfiT cell ( i ) **flJ*r*o S 1 2 0 5 "cHi^ffi 
Lft^ST eel 1(1) ^mSOSST dewiH 
fg^^Hd^W^-r^o S 1 2 0 5THr;PfifiT c e 

1 1 (1) ^TdewibffiVfc^JWL^W^tttS.l 

2 0 6^\jt^ v 'flSKS ( i) \C 1 fcftAUS 1 2 0 8^ 
jtty 0 S 1 2 0 5-e-fe;WSfiT cell (OKCTde 
w*Dffi^fc!pJ»fLft^ofe*&li:as 1 2 0 7^1 

®m.S (i) tO^'ftALS 1 2 0 8^Jtty 6 S 1 
2 0 8X*im%. i * 1 it&PU S 1 2 0 9 Xl^W i 
Ncel 1 *9**V»fri&¥«rU ^<&«iS 
1 2 0 4^\MSo 

[0 0 6 1] £<DWm*Hc e 1 lS£l*fl9£U -fe 

)\> i ~-b;i/N ceii ©£s$s ( i ) zmnLtc S 
1 2 o gc^-TlT^ifciU s 1 2 1 o^\ii 

&o S 1 2 1 OXte (2) 'SKflHRS (i) ffiPfcofc 
S^Jf^Ts S ( 1 )■ = 1 k&oftfgjfi©*^*!©?* 

t o o e 2 j ' as 3 (ommmmt mwfc, c ©ftffl 



JB!»?»#*;l/©i&fi&fHH!!& §iHiS£ft§©t\ 
08 ©S 8 0 3?©Mttffi*£y£SSTfc£#^7l' 
$©i&KTfc ( i ) U S 8 0 4 7?«J*f 
ffBvapo rfcBvapor (i) iLT»i» 

[0 0 6 3] Cm 5 m 3 ©*BfiJfcHTHi, «• 

■fe ;l/©?!fitf fcttil? § , #-fe;V©i&S fclS U ft * A3 
VT*^t)**t>-r^9^-ar%8l» , rS^i: bft 
*V »fi«?f!li:LTa^W7j<©AnfciSi/^©-b;l/^j; 
f3^*P*tlT7j<^Sf3^i;^^fti6, ^Jc©APfc 

[oo6 4] bp's, »5sn»pi8*i?ttN Kmn 

*©*;v#^©/hSv^fr&'te;l/#if©:*:Sr(/'' 

*^\?^**?fi-r k -r ##*a p«©-fe;v#^© 

/h^t/*©-fe;l/©M»^S[W (O %-fe;PS-t©At^ 

s©-fe;p©a^^w (i + i) u w 

(i) >W (1 + 1) k^§cfc9fcKSLT, £.3£tt 
J^H©S 1 1 0 8^PJILftS%It»WfJ;^ 0 

[0065] ib 6 mmnm'} m 4 ©*te^T*a, # 

•fe;V©SS*^ttiT?^> -t;l/©aSf^Hlf^flt<fc 0<av--fe 

t/^ftfe, ^P7j<©APt5£v^©-fevV«lI©*^S^^ 
[0 0 6 6] WS, ffi6*SfS^IBl?tt, MUffiX^-y 

^©•fe;l/##©/h«v^6-b;V##©^:tv^^0 
7k^-ri:-rna\ w»nc ei ituttf> m 

i < (Ncel 1/3) ?fe§^;V#-t i fcO<^ 
T©^ 7jC^*07^9^— ^^MiH*i|T.{^<feV''o 
[0 0 6 7] CH7 KdfB^ffi] % 3 ©*ffl^filT?ti> =& 

•fe;i/©as*^tHT»fr> ^S-fe;i/©safcjSi;ftM^?rffl 
(/ > Xikr3 S t) *g*3"T ^7 p< - ^ ^r^Wf S k L ft 

«*MfiTt§ft46MIS-ri.7j<^tiAPL, 

.i^ftfes m^m^mtLx, ^.xffiTj©^^©* 
[0068] rai 8 *ss»ii] ^ 4 (Drnmnrnxii, & 

*!^» W-iift S *K)»»K1 WffiTt 5 ft ftllt S 
Xs j?X£E/j©l*V^© 1 fe;UWE©»K*^^* i ^S 
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[0069] ixkomffiBWiTHz, mwnmz.*vt>A 

[0 0 7 0] i-fc eU:<D«^ffi-e{i¥-fe;KO«ffifc 
»csv x*-3£ *3 t § fe © i: t t t fc c na 
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